• Cu(II) in excess accelerates the degradation of thiram in aqueous solutions 4
Introduction 34
Pesticides are intensively used in agriculture and much effort is devoted to control and reduce 35 possible damaging effects on the environment, such as contamination of soil and leaching to 36 ground and surface waters, with the possible contamination of aquatic organisms, and, 37 ultimately, contamination of water and food consumed by human beings, with the consequent 38 toxic effects. The fate of a pesticide is determined by processes that affect mobility, such as 39 sorption or volatilization, and those that affect persistence, including photo-, chemical and 40 microbial degradation. According to the literature, the degradation products of some pesticides 41 may be more toxic and persistent, representing a higher environmental risk than the parent 42 compounds [1, 2] . To understand the fate of a pesticide in soil and water systems an accurate 43 knowledge of its environmental behavior is essential. 44
Thiram, tetramethylthiuramdisulfide, is a dithiocarbamate compound that has been used as a 45 contact fungicide with preventive action, worldwide applied not only in agriculture, but also in The HPLC system consisted of a variable loop Accela auto sampler (set at a temperature of 16 95 °C), an Accela 600 LC pump and an Accela 80 Hz PDA detector (Thermo Fisher Scientific, San 96
Jose, Ca, USA). Analyses were carried out using a phenomenex C 18 column (150x4.60 mm, 5 97 μm, 110 Å). The separation of the compounds was carried out with a mobile phase of 98 acetonitrile:water (60:40, v/v) with 0.1% HCOOH at a flow rate of 0.7 ml min −1 , at 25ºC. The 99 injection volume in the HPLC system was 20 μL. Single online detection was carried out in PDA 100 detector, at 270 nm, and UV spectra in the range of 200-600 nm were also recorded for relevant 101 chromatographic peaks. The HPLC was coupled to a LCQ Fleet ion trap mass spectrometer 102 (ThermoFinnigan, San Jose, CA, USA), equipped with an ESI source and operating in positive 103 mode. The flow rate of nitrogen sheath and auxiliary gas were 40 and 5 (arbitrary units), 104 respectively. The spray voltage was 5 kV and capillary temperature 300°C. The capillary and 105 tune lens voltages were set at -28 V and -115 V, respectively. Collision-induced dissociation 106 (CID)-MS n experiments were performed on mass-selected precursor ions in the range of m/z 107 100-1000. The isolation width of precursor ions was 1.0 mass unit. The scan time was equal to 108 100 ms and the collision energy was optimized between 15-40 (arbitrary units), using helium as 109 collision gas. The data acquisition was carried out by using Xcalibur® data system 110 (ThermoFinnigan, San Jose, CA, USA). A c c e p t e d M a n u s c r i p t 7 of the Supplementary data). The spectrum of a fresh thiram solution exhibits two absorption 117 maxima, at 220 nm and at 272 nm, showing no significant changes up to the 7 th day ( Figure S1A , 118 curve a). For longer periods, the absorbance maximum at 272 nm begins to decrease and a new 119 maximum appears at 207 nm ( Figure S1A , curve c). From the 11 th day onwards, a sharp rise of 120 the pH of the solution is observed ( Figure S1B) . 121
The degradation of thiram into DMDTC due to the cleavage of the disulphide bond is 122 frequently reported in the literature as being the first step of thiram degradation in environmental 123 matrices [3, 15] and it has been also referred its occurrence in solutions of thiram in milli-Q water 124
[12]. However, the UV spectra changes observed in the present study can't be explained only by 125 the formation of DMDTC. In fact, the UV spectrum of the fresh DMDTC solution ( Figure S2 (according to the degradation Scheme S1 of the Supplementary data). Indeed, an increase of pH 156 was also observed during the degradation of DMDTC in water, but this increase was fast (2 157 days), in agreement with the fast degradation of DMDTC and it was of the same order of 158 magnitude (~0.6 units) as the increase of pH observed between the 11 th and 17 th days in theA c c e p t e d M a n u s c r i p t Considering the initial period of thiram stability, 7 days, followed by its first order decay, a 167 global half life time of 19 days was obtained for thiram in milli-Q water, which corresponds to a 168 higher stability than that reported in our previous work for thiram in natural waters [14] . As the 169 results of that work suggested that metal ions, namely copper ions, were involved in thiram 170 degradation, the stability of thiram in aqueous solutions containing Cu(II) was studied in more 171 detail. 172 suggesting a high persistence of these complexes (as can also be seen in Figure S3 and Table S1  225 of the Supplementary data). As two molecules of DMDTC are equivalent to one thiram molecule The variation of pH along the ageing time of Thi:Cu solutions is shown in Figure S5 VI and VII). In order to identify the structure of these compounds, HPLC-MS n analysis was 293 , identified by HPLC-MS n , as well as the mass of each molecular ion, the 295 product ions obtained by MS n and the proposed structure based in each fragmentation pattern. 296
The HPLC chromatograms of both 1:50 Thi:Cu and 1:25 DMDTC:Cu (Figure 3) solutions are 297 quite similar after 10 days with the compounds I, II, III, IV, VI and VII being detected in both 298
cases. These results are in agreement with the similarity of the UV-Vis spectra of both solutions, 299
as mentioned above and shown in Figure S4 of Supplementary data. Compound V is detected 300 only in the 1:50 Thi:Cu solution after 7 h, suggesting that this compound can be an intermediate. 301
A tentative identification of the products formed in the solutions was performed based on the 302 MS n fragmentation profile of each chromatographic peak presented in Table 1 . 303
Compound VII, corresponding to the molecular ion at m/z 303 at retention time ~8.6 min was 304 identified as a Cu(I) complex, i.e. [CuThi] + formed in solution during Thi:Cu(II) degradation. 305
The [CuThi] + complex shows the same MS n profile as for [CuThi] 2+ complex (Table 1 ). The 306 results described in the above section suggest that the [CuThi] 2+ complex gives rise to absorption 307 at 420 nm in aqueous solution and the solutions which gave rise to the chromatograms in Figure  308 (compound III) was also assigned to a Cu(I) complex with DMDTC degradation products; 342 however, the fragmentation data shown in Table 1 analyzed is presented in Table 2 . 
